A utism spectrum disorder (ASD) is a complex developmental disorder characterized by repetitive behavior and delayed social interaction and communication. [1] [2] [3] Autism affects approximately 1 in 68 children, 4, 5 with symptoms usually appearing in infancy or toddlerhood, and usually continuing throughout the individual's life. Effective early intervention can enhance cognition, adaptive functioning, and early educational attainment in children with ASD, [6] [7] [8] [9] [10] [11] but individuals with ASD generally need additional services, even after intensive early intervention. There is great debate, however, about how best to finance these laborintensive and expensive interventions, and financing for these services currently varies greatly across the United States. Until recently, most private health insurers excluded ASD services from benefit plans, requiring many families to pay out-of-pocket. 12 As a result, families of children with ASD often have greater challenges accessing services than families of children with many other special health care needs. 13, 14 The challenges in identifying, accessing, navigating, and paying for ASD services can place a substantial burden on the families of children with ASD.
Many states have turned to Medicaid to help finance autism services. At Medicaid's inception in 1965, Medicaid eligibility was limited to individuals with specific disabilities or in low-income households, who could receive only those services listed in their state's Medicaid plan. 15, 16 Since 1981, the federal government has allowed states to use Medicaid Home and Community-based Services (HCBS) waivers both to expand eligibility for Medicaid-reimbursed services and to provide services not covered by their Medicaid plans to individuals at high risk of institutionalization. Many states have since taken advantage of HCBS waivers to enhance services for children with ASD, and there are 50 current or former HCBS waivers in 29 states that explicitly include children with ASD in their target population. 17 Medicaid is now the single largest payer of health care for children with ASD, serving as much as 45% of US children with ASD. 18 A systematic review of the Medicaid HCBS waivers that target children with ASD found considerable variation both within and between states in waiver characteristics, including waivers' eligibility criteria, services covered, and enrollment and spending limits. 17 Although a previous study found that children participating in Medicaid HCBS waivers were less likely to be hospitalized or placed in long-term care than Medicaid-enrolled children not receiving services through the waiver, 19 there is a paucity of information about the effects of these waivers on service use and costs for children with ASD, and whether these effects vary across subgroups, such as household income level. To specifically address how well these waivers meet the needs of this vulnerable population, and to better understand whether specific waiver features are more effective in meeting these needs, we used nationally representative survey data to examine the impact of waivers on unmet needs for health care among children with ASD from 2003 to 2011 from 35 states.
STUDY DATA AND METHODS

Data
Data from the 2003, 2007, and 2011 waves of the National Survey of Children's Health (NSCH) were used to assess unmet need for health care among children with ASD. The NSCH is a nationally representative cross-sectional, random-digit-dialed telephone survey that collects information about the physical and emotional health of US children 17 years and younger. 20, 21 Children were categorized as having ASD if their caregiver answered "yes" to the question "To the best of your knowledge, does (child's name) currently have any of the following conditions y autism or autism spectrum disorder (ASD)?" To increase the specificity of this question, we limited the sample to children with ASD aged Z2 years, for whom diagnostic accuracy is greater.
Questions regarding health care access were used to construct a dichotomous (yes/no) measure indicating whether the child had an unmet need for health care. The unmet need variable was defined across the 3 survey years by combining questions that probe for difficulties or delays in receiving needed medical care, including dental care, mental health services, or prescription medications. In the 2003 survey, there were separate questions for medical care [During the past 12 months, did (child name) receive all of the medical care he/she needed?], dental care [During the past 12 months, did (child name) receive all of the routine preventive dental care he/she needed?], and prescription medications [During the past 12 months, did (child name) receive all of the prescription medication he/she needed?]. However, in the 2007 and 2011 surveys, the question was phrased: "Sometimes people have difficulty getting health care when they need it. By health care, I mean medical care, as well as other kinds of care like dental care and mental health services. During the past 12 months, was there any time when (child name) needed health care but it was delayed or not received?," with follow-up questions for whether it was medical care, dental care, mental health services, or something else. If the respondent answered "yes" to any of these questions about unmet needs, then they were classified as having an unmet need for the purposes of our study.
Data describing state Medicaid HCBS waiver programs were collected from source materials that were submitted in support of waiver applications by each state and for each waiver from 2000 through 2014, and are described in more detail elsewhere. 17 The following measures that characterized waiver features were generated from the data: (1) estimated cost, which each state calculates for its own waiver, and is defined as the total annual estimated costs of waiver services per individual expected to participate in the waiver; (2) cost limit, which is defined as the maximum cost of services that each state allowed for individuals enrolled under the waiver; and (3) enrollment limit, which is defined as the maximum number of participants that the waiver will serve, expressed as a proportion of the total number of children in the state.
Thirty-five states were included in the study sample. , Ohio, Utah, and Virginia) because they had waivers that included both children and adults, and it was impossible to determine the level of services available for children under such waivers. States that passed a child-specific waiver later in the study period (such as Montana) as well as those that passed a waiver later in the study period that included both children and adults (such as Missouri) were included among the control states in earlier years before passage of the waiver.
Analysis
We first reexamined the probability weights after developing the analytic sample and dropping observations with missing data to ensure they were producing consistent representations of the ASD and non-ASD populations across the independent samples. We then estimated standard multivariable logistic regression models in which the unit of analysis was the child-year. Combining across the 3 waves of the NSCH, our sample consisted of a total of 154,060 observations on children ages 2-17, including 1824 children with ASD. We normalized the waiver policy measures that were continuous (expected cost, cost limit, and enrollment limit) across states so that each had mean of zero and SD of 1 among states with active waivers. This allows us to interpret estimated odds ratios (ORs) as the effect of a 1 SD change in the measure, based on the observed variation in policies across states. We specified the multivariable logistic regression models as quasi-difference-in-difference-in-differences (QDDD) models. The triple-difference in our study arises from changes in waiver policies (the first difference) across states with and without waivers (the second difference) for children with ASD relative to children without ASD (the third difference). Ours is a quasi-DDD design because in addition to dichotomous indicators for the waivers, characteristics of the waivers (eg, estimated costs and cost and enrollment limits) are continuous measures. We specify a latent value formulation of the logistic regression model as follows:
; 0 otherwise; where i, s, and t index child, state, and time, respectively; X is a vector of child characteristics (age, sex, race, health status, and insurance status) and family characteristics (number of children in the household, whether English was the primary language spoken, and household income), P is a vector of waiver policy variables (estimated cost, cost limit, and maximum enrollment limit), T is a vector of dummy variables indicating year of the survey, n is a vector of statelevel fixed effects, and E is a logistically distributed error term. We included an indicator for current ASD status; interactions between the ASD indicator, waiver policies, and household income; and interactions between the ASD indicator and the state fixed effects. The interactions of ASD status, waiver policies, and state fixed effects allow us to produce estimates of the effects of waivers based on their changes within state over time, compared with changes in other states, and compared with the effects for children without ASD. The interactions with household income allow us to examine whether the effects of the waiver policies on unmet needs for children with ASD vary by household income level. We estimated the models using the probability weights and cluster robust SEs (clustered at the state level). 22, 23 The use of cluster robust SEs provides consistent estimates of the SEs even in the presence of serial correlation within states over time. [24] [25] [26] We then generated adjusted rates of unmet need that show the substantive effect sizes of implementing an "average" waiver (ie, a waiver in which the estimated cost, cost limit, and enrollment limit are set at the means of these values across all waivers), as well as 1 SD increases in each of the waiver characteristics above its respective mean. 27 The adjusted rates of unmet need are based on the weighted NSCH samples so that they are representative of the national ASD population. The changes (with and without policies) that we display for the ASD population are relative to the changes for the population without ASD, and therefore, reflect the QDDD of the analytic model. Stata 12.1 software was used to conduct all the data management and analyses. The study was approved by the Institutional Review Board of the Pennsylvania State University College of Medicine.
RESULTS
The number of states with a Medicaid HCBS waiver targeting children with ASD increased from 2 states (Maryland and Wisconsin) in 2003 to 11 states in 2011. Characteristics of these waivers are described in Table 1 Children with and without ASD differed substantially on a variety of characteristics (Table 2) . Children with ASD were much more likely to have an unmet need than children without ASD (19.5% vs. 5.9%, P < 0.001). Children with ASD were also more likely to speak English at home (96.5% vs. 89.5%, P < 0.001), to be ages 6-12 (53.7% vs. 43.5%, P < 0.001), and white non-Hispanic (67.1% vs. 61.1%, P < 0.001), and to be Medicaid-enrolled (42.8% vs. 28.9%, P < 0.001) than children without ASD. Children with ASD were less likely than children without ASD to be female (19.1% vs. 49.4%, P < 0.001), aged 2-5 (17.1% vs. 24.8%, P < 0.001), to be black non-Hispanic (9.4% vs. 13.8%, P = 0.006) or other Hispanic (4.1% vs. 7.7%, P = 0.005), and to have excellent health (32.4% vs. 61.0%, P < 0.001). Children with ASD did not differ from children without ASD in family composition (1 child household and 1 adult household), household income, or whether they lived in a state with a HCBS waiver. Among all children, unmet needs increased with poverty level and decreased with child age (both P < 0.001 for trend).
In a multivariable logistic regression examining unmet needs (Table 3) , waiver characteristics were strongly associated with unmet needs for children with ASD after controlling for child and family characteristics, with the effects varying considerably by household income. A 1 SD increase in enrollment limit was associated with significantly reduced odds of having an unmet need for children with ASD, compared with children without ASD, living in households with incomes >400% federal poverty level (FPL) [OR, 0.68; 95% confidence interval (CI), 0.51-0.90], but not in lower income households. A 1 SD increase in the waiver cost limit was associated with significantly reduced odds of having an unmet need for children with ASD relative to children without ASD living in households with incomes 150%-400% FPL (OR, 0.80; 95% CI, 0.72-0.89), but no statistically significant effects in the other income categories. For each of the waiver characteristics, there was a tendency for the effects to be stronger as household income increased, but it was not always statistically significant. Relative to children without ASD, children with ASD living in states without waivers were not statistically more likely to have unmet health care needs than children living in states with an average waiver; the estimated effect was in that direction, but it did not reach statistical significance. In addition to the waiver characteristics, several other factors were significantly associated with unmet need, such as child age, race/ethnicity, insurance status, and other child and household characteristics (Table 3) . Table 4 shows the adjusted rates of unmet need without a waiver, and how these rates change when waivers were implemented and characteristics of the waivers were increased. Among all children, the adjusted rate of unmet health care need among children with ASD was 18.5% when there was no waiver. Implementing an average waiver decreased the rate of unmet need by 4.2%, although the decrease was not statistically significant. However, increasing the cost limit and enrollment limit by 1 SD led to additional decreases in rates of unmet need of 16.6% and 16.5%, respectively. These effects were limited to the higher household income groups, with a 1 SD increase in estimated cost leading to a 19.5% decrease in the adjusted rate of unmet need for children with ASD in households with incomes 150%-400% of FPL and a 1 SD increase in the enrollment limit leading to 17.2% reduction in the adjusted rate of unmet need among children with ASD living in households with incomes >400% of FPL; the policies had no statistically significant effects on adjusted rates of unmet needs for children living in households with incomes below 150% of FPL. 
DISCUSSION
This study examined the effects of state policies on parent-reported outcomes for children with ASD. We found that HCBS waivers are associated with significant decreases in rates of unmet need among children with ASD, most prominently among children living in households with higher incomes. The effects of 1 SD increases in the estimated cost, cost limit, and enrollment limit in reducing unmet need increased as household income increased, although the effects were not always statistically significant, likely due to small sample sizes. That waivers seem to disproportionately benefit higher income children may be because children living in lower income households may already qualify for Medicaid coverage, and Medicaid coverage for ASD unrelated to HCBS waivers is often generous relative to commercial insurance. 28 It also may be that families with higher incomes have the resources to successfully navigate the often-cumbersome process of enrolling in the waiver, and policymakers and advocates should consider the role for enhancing the resources and supports available to families in lower income groups with children with ASD to enhance their opportunities to benefit from the waivers.
Waiver policies vary substantially across states, as policymakers seek to balance the waiver benefits with the waiver's costs and reach, as well as other constraints on the state Medicaid program. Merely implementing a waiver did not decrease unmet need; the waiver's impact on unmet need was associated with its specific features and relative generosity. Greater waiver estimated cost, which can be considered a measure of the generosity of benefits under the waiver, seems to have a greater impact on reducing unmet need than higher cost and enrollment limits, although the CIs around waiver features were quite broad.
Our finding that the waiver characteristics' effects were largest among children with ASD living in higher income households likely reflects the lack of adequate private health insurance coverage for ASD services during the study period. 29 Although 22 states passed an autism insurance mandate between 2007 and 2010 requiring private insurers to cover autism services, 30 the limited research in this area suggests that these mandates have not been effective in improving access to care for children with ASD. 31 State Medicaid HCBS waivers seem to continue to play an important role in reducing unmet health care needs among this vulnerable population.
Although one must always use caution when drawing causal inference from retrospective data analyses, ours is a particularly strong research design. The quasi-difference-in-difference-in-differences design allows us to identify changes in rates of unmet needs among children with ASD before and after policy changes within a state and compare them to changes among children without ASD over the same period. It also allows us to compare rates of unmet needs among children with ASD in states with policy changes to rates of unmet need among children with ASD in states without policy changes, allowing us to control for secular changes in the care of children with ASD. Still, correlation between unobserved factors associated with both the changes in the policy variables within states and rates of unmet needs among children with ASD (such as any state or local programs that improved access to ASD services that became effective at the same time as the state HCBS waiver policy) may exist and limit causal interpretation.
Other study limitations also deserve mention. First, we limited our analysis to HCBS waivers that target children only; state-years in which there was also a waiver targeting adults were excluded. Our rationale was that adults and children with ASD have very different service needs, and we were not able to construct child-specific policy characteristics for waivers that also target adults, potentially limiting generalizability of our results to states with waivers targeting children only. Second, the NSCH survey data were only available through 2011, so we were not able to include the 2 HCBS waivers that were implemented after 2011 (Arkansas and Utah), nor other renewals, amendments, or terminations that occurred since 2011. Third, the diagnosis of ASD relies on parent self-report and has not been validated in these survey data, and there is the potential for both false positives and false negatives. False negatives likely do not influence the results, given the large sample of children with ASD. False positives may affect the results, although parent report of current autism status has generally been found to be specific. 32 In addition, parental respondents in the NSCH with a child with ASD may not be aware of or access services that are available under the HCBS waiver. Hence, we are not able to directly observe whether enrollment in the waiver directly reduced unmet needs; we can only observe the relationship between the existence of a waiver (and waiver characteristics) and rates of unmet needs for all children in the state with ASD. Finally, our information is limited to parents' perceptions of whether there was a health care need that was not met in a timely manner, and we have no information on the severity of illness, underlying level of need or services received. Further research is needed to examine the effects of HCBS waivers on ASD service use and outcomes.
Despite these limitations, our study demonstrates that Medicaid HCBS waivers that target children with ASD effectively reduce unmet need among these children, especially those in higher income households. These waivers may have had more of an impact than private health insurance mandates in reducing unmet need for health care among children with ASD, even among families likely to have commercial insurance. In the era of the Affordable Care Act and Medicaid expansion, states should consider waivers as an effective strategy to improve care and reduce unmet needs for all families of children with autism.
